Two bisbenzylisoquinolines, tetrandrine and penduline, were purified from Isopyrum thalictroides. When tested for antimalarial activity in vitro, penduline was efficient at concentrations fivefold lower than those of tetrandrine. In highly synchronized parasite cultures, penduline mostly interfered between the 8th and the 32nd hours of the parasite cycle.
Extension of the resistance of Plasmodium falciparum malaria to conventional treatments is a worldwide problem. Bisbenzylisoquinolines (BBIQ) have well-known antimalarial effects (17) , but their modes of action against P. falciparum are not yet described and their toxicities are often high (11, 17) . Isopyrum thalictroides was included in our study concerning new antimalarial agents because it is a plant containing numerous alkaloids (1) .
Roots of I. thalictroides L. (Ranunculaceae) were collected in Baronnies, Hautes-Pyrenées, France. As previously reported, this species contains BBIQ alkaloids (14) . For extraction and isolation, dried root powder (1.4 kg) was defatted with petrol; then 2% HCl (200 ml) was added, and alkaloids were extracted with diethyl ether. The resultant powder was alkalinized with 10% NH 4 OH (400 ml), and the BBIQ alkaloids were extracted with diethyl ether (crude residue, 32 g). One gram of (S,S)-tetrandrine ( Fig. 1 ) was obtained by column chromatography on Si gel mixed with 0.15% NaOH, with a gradient of methanol (MeOH) in CHCl 3 (0 to 2%) as the eluent, and purified on a neutral alumina column eluted with diethyl ether. Penduline ( Fig. 1 ) was obtained (90 mg) upon elution of the former column with CHCl 3 -MeOH (19:1) and purified by centrifugal chromatography (Chromatotron) on a 2-mm-diameter sodium acetate-buffered (0.3 M) silica layer with CH 2 Cl 2 -MeOH (93:7) as the eluent. The [␣]D, circular dichroism, infrared spectrometry, UV spectrometry, electron ionization mass spectrometry, and nuclear magnetic resonance spectroscopy data for (ϩ)-tetrandrine were all in agreement with those reported in the literature and those obtained with a sample of (S,SЈ)-tetrandrine obtained from Stephania tetrandra. The SR isomer of penduline ( Fig. 1) was isolated from Cocculus pendulus along with pycnamine (6). An SS isomer was isolated later (3, 7) . (SS)-Penduline from I. thalictroides (melting point, 197°C) had a mass spectrum characteristic of the tetrandrine subgroup of BBIQ. Molecular ionization at an m/z of 608 (C 37 H 40 N 2 O 6 ) and the fragments obtained at m/z values of 395 and 381 indicated the presence of three methoxyl groups and a hydroxyl group at C-12. The structure was confirmed by twodimensional detected heteronuclear multiple quantum coherence and detected heteronuclear multiple band connectivity nuclear magnetic resonance experiments. The optical rotation ([␣]D ϩ 260°) and the circular dichroism curve indicated that penduline possesses the SS configuration of (ϩ)-tetrandrine. This was confirmed by the appearance of (ϩ)-tetrandrine upon treatment of penduline with diazomethane.
Parasites were cultured according to the procedure of Trager and Jensen (18) with modifications (1). Cultures were synchronized by addition of a combination of gelatin (Plasmagel; Roger Bellon, Paris, France) and 5% D-sorbitol (Merck, Darmstadt, Germany) lysis (10, 11) . Nigerian and F32-Tanzania were considered chloroquine-sensitive strains, and W2 and FcB1-Columbia were considered chloroquine-resistant strains (chloroquine 50% inhibitory dose [IC 50 ], Ͼ100 nM [15, 16] ). The test for antimalarial activity was adapted from the micromethod of Desjardins et al. (4) . Drugs were tested three times in triplicate in 96-well plates (TPP, Switzerland) with cultures at ring stage (synchronization interval, 16 h) and at 0.5 to 1% parasitemia (hematocrit, 1%). For each test, the parasite cultures were incubated with drugs at decreasing concentrations for 24 and 72 h. The first dilution of the drug (10 mg/ml) was performed with dimethyl sulfoxide (Merck), and the second was with RPMI 1640. Parasite growth was estimated by [ 3 H]hypoxanthine (Amersham, Les Ulis, France) incorporation (2). IC 50 s were determined graphically in concentration-versuspercent inhibition curves. The sensitivities of the different stages of P. falciparum (FcB1 strain) to different penduline concentrations were determined on in vitro cultures synchronized on a 4-h period. Cultures were subjected to 8-h pulses of penduline. After being pulsed, the cultures were washed three times with culture medium and then returned to normal conditions until the next cycle. At time zero plus 62 h (the ring stage of the next erythrocytic cycle), parasitemia was calculated by visual numeration of 2,000 erythrocytes on Giemsa-stained smears (19) .
Toxicity was estimated on human fibroblast (HeLa) and mouse myeloma (X63-Ag) cells. Both cell lines were routinely cultured under the same conditions as P. falciparum but with 5% fetal calf serum (Boehringer, Mannheim, Germany). For determination of the cytotoxicities of the compounds, 2 ϫ 10 5 cells in 100 l were distributed in each well of 96-well plates, and then 100 l of culture medium containing a drug was added to each well. Cell growth was estimated by [ Most of the antimalarial activity of I. thalictroides was found in the alkaloid fraction, and penduline was the most active alkaloid ( Table 1 ). The IC 50 s of the drugs, as estimated on P. falciparum strains, are presented in Table 1 . The values obtained with penduline ranged from 20 to 46 nM depending on the P. falciparum strain and the incubation time. For tetrandrine, values ranged from 112 to 196 nM. The two BBIQ had similar IC 50 s on chloroquine-sensitive and chloroquine-resistant strains. Values were in the same range as those for tetrandrine reported elsewhere (11) (12) (13) . The toxicities of the   FIG. 2 . Sensitivity of the different stages of the P. falciparum (FcB1 strain) erythrocytic cycle to penduline. A parasite culture synchronized on a 4-h period was subjected to 8-h pulses (corresponding to one-sixth of the erythrocytic cycle time) of penduline at various concentrations (500 ng/ml [824 nM], 100 ng/ml [164 nM], and 50 ng/ml [82 nM]). After being pulsed, the culture was washed and then returned to normal culture conditions until the beginning of the second erythrocytic cycle, at which time parasitemia was determined. Each bar corresponds to the mean of three independent experiments. Error bars indicate standard deviations. drugs were determined on two cell lines (Table 2) . Penduline was about threefold less toxic than was tetrandrine (P Ͻ 0.01, Student's t test); however, these differences were probably not pharmacologically significant. Both alkaloids were more toxic than chloroquine. The security index of penduline was about 1,000, which indicated that it might be a promising compound (11, 12) . Tetrandrine was more toxic than penduline (the security index was about 100, close to results described elsewhere [12] ). When tested on a highly synchronized parasite culture, penduline had a maximum inhibitory activity on the parasite stages at between the 8th and the 32nd hours (Fig. 2) . At the lowest dose tested (82 nM), maximum inhibition was found in the 8-to 16-h and 24-to 32-h intervals, corresponding to periods of nucleic acid synthesis (5, 8) . This dose was higher than the IC 50 obtained by the radioactive micromethod, probably due to the presence of dead parasites, which were undistinguishable from live parasites.
Numerous works have described the antimalarial and cytotoxic activities of BBIQ in vitro, and most of the time, one of the good components of this family was tetrandrine (13, 17, 20) . We described the antimalarial activity of penduline, which differs from tetrandrine by the presence of a hydroxyl group on C-12. This difference in structure could be involved in the difference in antimalarial efficiency; however, it is not the only factor involved, since pycnamine and berbamine were reported to have IC 50 s of about 830 and 450 nM, respectively, in similar experiments (13) . A potentiation effect of chloroquine by tetrandrine has been described previously (20) ; such an effect of penduline is suspected, and this will be examined in our further studies on this molecule.
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